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Abstract
In this paper we adopt stochastic dominance techniques in order to examine the performance of rural India, urban India, female
headed households and backward caste households in terms of poverty, inequality and welfare. We have used National Sample
Survey data on consumer expenditure 66th round and 61 st round for the reference period of 2009-2010 and 2004-2005 respectively.
Using scale adjusted expenditure we find for all the subgroups, poverty has decreased. Using these techniques we observe that
among the social groups schedule caste and schedule tribe households are the most deprived groups. Empirical results shows that
economies of scale plays an important role in the comparision of male and female headed households.
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1. Introduction
The improvement of a society in terms of poverty inequality and welfare is often based on complete ordering
of various income profiles. However, conclusions based on these approaches often vary with the choice of types of
indices and the parameters used to compute those indices. Statements about whether poverty or inequality is increasing
or decreasing, or whether governments are doing good jobs in this respect, are the basic ingredients in many political
debates. Another debate focusses on finding the vulnerable subgroup of population.
Considering the empirical literature of poverty in India researchers pointed out that scheduled castes (SC) and
scheduled tribes (ST) households1 are the most vulnerable class so far poverty situation is concerned. Sundaram
et al[10] investigates the prevelance, depth and severity of poverty in both rural and urban India in the 1990s and
finds that poverty is higher among SC and ST households. Meenakshi et al[7] also finds similar results for SC, ST
∗ Corresponding author. Tel.: +91-9433915677; fax: +0-000-000-0000 .
E-mail address: E-mail address: sandip.isi.08@gmail.com
11The Indian Constitution specifies the list of castes and tribes included in these two categories, and accords the scheduled castes and scheduled
tribes special treatment in terms of affirmative action quotas in state and central legislatures, the civil service and government-sponsored educational
institutions[4]. The scheduled castes correspond to the castes at the bottom of the hierarchical order of the Indian caste system and were subject to
social exclusion in the form of untouchability at Indian Independence (August 15, 1947), while the scheduled tribes correspond to the indigenous
tribal population mainly residing in the northern Indian states of Bihar, Gujarat, Maharashtra, Madhya Pradesh, Orissa, Rajasthan, and West Bengal,
and in North-Eastern India.
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households using NSSO 55 th round data. The poverty rate for these households are also higher in the major states
of India. The paper also focusses on poverty among female headed households (FHH) and finds higher than male
headed households(MHH) becomes apparent only when demographically adjusted measures are used. Dreze et al[6]
examines the relationship between widowhood and poverty in rural India. The study also focuses on female headed
households and the findings of the paper are quite similar to that of Meenakshi et al[7]. However, the paper checks the
results for a variety of poverty lines, and also checks for various possible equivalent scales and coefficients for scale
economies.
In this paper an attempt is made to shed some lights on the rural and urban female headed and the SC and ST
households using stochastic dominance techniques. We would like to address whether poverty of these subgroups has
decreased over time using recent NSSO 66 th and 61 st round (for the reference period of 2009-2010 and 2004-2005
respectively) household consumer expenditure data. Thus our approach is similar to Dreze et al[6] for the of robustness
of the poverty line. However, we would also like to extend the analysis for some higher order dominance whenever
we get some inconclusive results. We have also used Kolmogorov-Smirnov(KS) type test statistics as suggested by
Barret et al[2] to test whether stochastic dominance of one distribution holds or not.
In section 2 of this paper we provide a brief preliminaries of the literature related to that of stochastic dominance.
In section 3 we present a brief review of KS test statistics and in section 4 we present the type of scale economies.
In section 5 we present a brief discussions of the NSSO data. The empirical illustration is provided in section 6. The
concluding part of the paper highlights the main empirical results.
2. Preliminaries
Consider Ft(y) as the cumulative distribution function (CDF) of income at time point t, where Ft(y)=
∫ y
0 Ft(s)ds ∀s ∈
[0,∞).
Definition 1: Stochastic dominance : Given two income distributions Ft and Ft−1 at time point t and t-1 both
defined on the same domain [0,∞) we say that Ft stochastically dominates (SD) Ft−1 by r+1 th order/degree (Ft r+1
Ft−1) if Fr+1t (s) ≤ Fr+1t−1 (s) ∀ s ∈ [0,∞) and strictly less than for at least one s, where Fr+1t (s) =
∫ s
0 Frt (s)∀s ∈ [0,∞)
and r ≥ 0 is an integer.
Consider ypt = F−1t (p) = in f {y : Ft(y) ≥ p} as the income of the pth quantile of the distribution ∀p ∈ [0,1]. Let
F−(r+1)t (p) =
∫ p
0 F
−(r)
t (p)d p where r ≥ 0 is an integer.
Definition 2 : Inverse Stochastic dominance : Ft dominates Ft−1 by (r+1)th order/degree Inverse Stochastic
Dominance (ISD) if F−(r+1)t (p)≥ F−(r+1)t−1 (p) ∀p ∈ [0,1] and > for at least one p.
The stochastic dominance criterion are nested in the sense that lower order SD/ISD implies higher order. However,
the reverse may not be true. Following Zoli [11] SD implies ISD and vice versa for r ≤ 2.
2.1. Stochastic Dominance −→ Poverty, inequality, welfare and Pro-poor growth
Poverty analysis has often been carried out by fixing an arbitrarily given poverty line. While comparing poverty
between two countries or between two periods the ranking may change as a result of change in the poverty line.
The ranking may also give some ambiguous result as a result of change of the poverty index. In order to rule out this
inconsistencies Atkinson[1] in his seminal paper relates poverty ordering to that of stochastic dominance. He shows in
that paper: if there exists a first order stochastic dominance of one distribution over the other poverty would decrease
for any poverty index which is continuous in income profiles and non-increasing in income. Foster et al[5] propose
poverty ordering condition and show relationship between Foster Greer Thorbecke(FGT) index[3] and stochastic
dominance.
Considering the FGT index of Poverty Pα = 1zα−1
∫ F(z)
0 [z−F
−1(p)]α−1, with P1 as the Head count ratio, P2 as the
income gap measure and P3 as the squared Poverty gap measure. The poverty ordering condition as proposed by
Foster et al[5] F(Pα)G i f f F α G. These implies if F stochastically dominates G by α order then for any poverty
line poverty in F is lower than that of G provided one considers Pα as the poverty index.
Stochastic dominance condition may also be related to that of welfare dominance. ConsiderU as the class of social
welfare function of the form U(F) =
∫ z¯
0 u(x)dF(x) where u(x) : ℜ+ → ℜ is any continuous function may represented
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as the utility function. Let U1 ⊂ U and u′(x) > 0, U2 ⊂ U1 and u′′(x) < 0, and U3 ⊂ U2 and u′′′(x)> 0 . Now define
welfare dominance as FUα G i f f U(F)>U(G)∀U ∈ Uα . Again FUαG i f f F α G.
Stochastic dominance has also been applied in the field of pro-poor growth literature. The literature was developed
mainly because of the criticism that growth rate of mean was viewed as the increment of welfare of the society. Raval-
lion et al [8] proposed Growth Incidence Curve (GIC) showing how the growth rate of a given quantile varies across
quantiles ranked by income. Mathematically this can be written as GIC(p) = Δlog(ypt ). If GIC(p)≥ 0 ∀ p and > 0
for at least one p, then the situation is refered as pro poor growth or GIC(p)  0. Based on second order stochastic
dominance Son [9] proposed Poverty Growth Curve (PGC), PGC = Δlog(μ pt ), where μ pt is the mean of the poorest p
percent of the population. The growth rate PGC(p) 0 iff Ft 2 Ft−1 iff Ft −2 Ft−1.
We shall estimate GIC and the PGC curves to analyze the performance of different subgroups for two recent NSSO
quinquennial rounds v.i.j 66 th and 61st respectively, and also for two different subgroups in the same round and sector
e.g FHH vs MHH.
3. Tests for Stochastic Dominance
We consider Barret et al[2] Kolmogorov-Smirnov(KS) type of test statistics for testing Stochastic Dominance. The
main difficulty with this tests lies in the construction of an appropriate rejection regions for conducting the tests for
SD j for j larger than 1, e.g in the case of SD2 and SD3 will depend on the underlying distributions. The test statistics
is based on the assumptions that both the CDF’s used for the analysis are continuous and have a common support.
They also assume the CDFs are calculated using independent random samples. Another assumption is that the number
of samples in both distribution approaches to infinity the ratio of sample of one distribution to the total sample tends
to a finite constant lying between 0 and 1. We apply here the KS1 and KS2 tests based on alternative approaches of
simulation to compute the p values. While testing Stochastic dominance between two distributions F and G, one has
to test whether F dominates G and also whether G dominates F. One can conclude F stochastically dominates G, for a
certain order only when one can reject the null hypothesis G dominates F and fails to reject the null that F dominates
G.
4. Scale Equivalence
In developing economies it is often noticed that larger households tends to be poorer. However, certain goods such
as water taps, cooking utensils, fuels, etc can be shared in large households. There also might be other reasons since
larger households usually purchases commodities in bulk and thus more likely to get some discount on these items.
Thus at a same level of expenditure a larger household is able to achieve higher well being compared to that of smaller
households. The issue would be important while comparing female headed and male headed households since female
households are usually smaller in size. Table 1 also shows among all households mean household size for the female
headed households is the lowest.
Following Dreze[6] we consider scale adjusted per-capita expenditure (y′) as follows
y′ = y/nθ (1)
where θ is a parameter varying between 0 and 1, which captures the extent of scale economies. Clearly, when θ = 1 it
implies no economies of scale and y′ implies per-capita expenditure. Considering θ = 0, y′ is equal to total household
consumption; this can be thought of as a case where consumption entirely takes the form of ‘public goods’ which
are shared within the household without any ‘rivalry’ (i.e., one person’s consumption does not reduce anyone else’s
consumption). Intermediate values of θ between 0 and 1 correspond to gradually lower levels of scale economies. We
consider five different economies of scale for the sake of simplicity θ = {1,0.8,0.6,0.4,0}.
5. Data
We have used household level consumer expenditure data of 61 st round (2004/2005) and household level consumer
expenditure data of schedule type 1 data of 66 th round (2009-2010). Our benchmark of analysis is the monthly per-
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capita expenditure(MPCE) for the mixed recall period of 365 days.2 We have transformed MPCE for all Households to
the base year of 2009-2010 i.e for 66 th round using annual averages of Consumer Price Index (CPI) for agricultural
labor for the rural India and that of Industrial worker for the urban India3. The procedure of using different price
indices is similar to inflating poverty line which was the usual procedure practised by Government of India.4 NSSO
provides information on head of the households (as reported). We have divided the rural and urban population as
Female Headed Households(FHH) and Male Headed Households(MHH). We have also divided the rural and Urban
population on the basis of Social groups and considered the schedule Caste(SC) and Scheduled Tribe groups as the
Backward Class(BC) group whereas the others as the general class group.5 Sample size for the different subgroups
are given in Table 1.6
Insert Table 1 here
6. Empirical Illustration
Considering the descriptive statistics in Table 1 we see that incidence of poverty has decreased for all the subgroups.
The backward class is worse not only in terms of poverty incidence but also in terms of the mean income(see MPCE).
Poverty incidence is higher for the MHH compared to FHH in rural India for both the rounds. However, in urban India
poverty is usually higher among the FHH. Average household size is lowest for the female headed households. Thus
economies of scale may play an important role whenever we compare MHH and FHH.
6.1. 66th round vs 61st round : Comparison for all India and different subgroups
Figure 1 shows the GIC for both rural and urban India lies above zero at all the quantiles (20 in this case) of the
income distribution. This implies an evidence of first order stochastic dominance of 66th round over 61st round.
Using same methodology of comparing different subgroups of population e.g female headed households, we see that
backward class households of the recent 66 th round dominates that of 61st round in the first order sense for both
rural and urban India. In Table 2 we calculate the p values of the test statistics KS1 and KS2 for testing stochastic
dominance as suggested by Barret et al[2], the first three columns tests whether 66 dominates 61 by first, second
and third order stochastic dominance respectively, whereas the last three tests the converse. The statistical test also
provides similar conclusions. The results are robust to choice of economies of scale parameter θ 7.
Insert Figure 1 here
6.2. General vs Backward class
Considering Figure 1 and Table 3 it shows clear evidence of first order dominance of gen class households (GEN)
over the backward class (BW). KS tests also provides the same result.(see Table 3)
Insert Table 2 here
6.3. Female Headed Households vs Male headed households
Considering, monthly per-capita expenditure (θ = 1) as the benchmark of the analysis, Figure 1 shows evidence of
first order stochastic dominance of female headed households over the male headed households in both rural 66th and
2In India income data is not available and often MPCE is taken as a proxy. Since 1999-00, NSSO has used a mixed recall period for collecting
information on consumption expenditure from households. Under Mixed Recall Period, information on five broad item groups of household
consumer expenditure with low frequency of purchase namely, clothing, footwear, education, institutional medical care and durables is collected
on a year-long recall basis while information on consumption expenditure on all other items is collected on the basis of a month-long recall period.
The same method of recall period is used in 61 st round and schedule type 1 data of 66 round.
3The information is compiled by Reserve Bank of India and is available at http://www.rbi.org.in/scripts/PublicationsView.aspx?id=13628
4See planning commission report http://planningcommission.nic.in/news/prmar07.pdf
5There are three types of Backward Class groups SC, ST and Other Backward class groups. However, in this paper by backward class we
consider only SC and ST households.
6There are altogether 58 missing values for the variable social groups, we have dropped these observations.
7We have kept the results only for extreme values of θ = {0,1} Choice of an intermediate value of the parameter θ also shows similar result.
Only in the comparision of FHH and MHH we have kept results for some intermediate values of the parameter θ .
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61st round. However, considering the effects of economies of scale(θ < 1) situation is reversed. This is similar to the
findings of Dreze[6].
In Urban India for both the rounds GIC curves fails to provide any conclusive result, even after using the scale
economies in the analysis. However, there is evidence of second order dominance of male headed households for all
values of θ considered in this paper (see Figure 2). The test statistics however supports dominance of MHH over the
FHH. Conclusive results of poverty incidence in the urban India can be obtained using restricted stochastic dominance
techniques where all income above median(approximate) of the combined distribution are censored. In the 61st round
PGC curve provides a conclusive result in favor of male headed households.
Insert Table 3 here and Figure 3 here
7. Conclusion
The main findings in the paper can be summarized as follows
1) The recent data of monthly per capita expenditure for rural and urban India provided by NSSO Quinquennial
round 66 (2009-2010) shows evidence of strict first order stochastic dominance compared to the previous Quinquen-
nial round 61 (2004-2005). Thus the results support poverty ordering criterion as suggested by Atkinson[1] and
Foster et al[5]. The empirical evidence also suggests similar results for backward class and female headed house-
holds. Kolmogorov-Smirnov type of test for stochastic dominance suggested by Barret et al[2] also supports these
results. The results are also robust to choice of economies of scale parameter values.
2) For both rural and urban India it is observed that the general caste dominates the backward caste in a strict first
order sense.
3)Poverty among female headed households is lower in rural India when per-capita expenditure is considered.
However, situation is reversed considering the scale economies. In Urban India Poverty is usually lower among male
headed households.
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8. APPENDIX
Table 1. Descriptive Statistics for different Subgroups
Sub group Sector Round Sample Mean Household Size MPCE HCR
All India Rural 61 79298 4.88 630.06 18.65
All India Rural 66 59119 4.68 703.84 13.25
All India Urban 61 45346 4.36 1287.1 16.8
All India Urban 66 41736 4.14 1545 11.79
FHH Rural 61 8517 3.39 690.31 18.35
FHH Rural 66 6270 3.42 743.99 11.2
FHH Urban 61 5492 3.53 1311.5 20.59
FHH Urban 66 5049 3.22 1677.1 13.31
MHH Rural 61 70781 5.07 622.65 18.69
MHH Rural 66 52849 4.84 698.87 13.51
MHH Urban 61 39854 4.46 1284.3 16.36
MHH Urban 66 36687 4.25 1528.7 11.61
GEN Rural 61 52706 4.94 685.57 13.86
GEN Rural 66 38631 4.71 768.9 10.09
GEN Urban 61 35422 4.35 1368.9 14.27
GEN Urban 66 32669 4.11 1617 9.882
BC Rural 61 26561 4.76 514.11 28.65
BC Rural 66 20478 4.64 574.02 19.53
BC Urban 61 9914 4.43 921.62 28.09
BC Urban 66 9060 4.27 1216.5 20.49
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Figure 1. Comparisons of different Subgroups by GIC
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Figure 2. PGC curves for female headed households
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Table 2. Stochastic Dominance Test 66 vs 61
Round Sector θ Test 66 vs 61 61 vs 66
Statistics SD1 SD2 SD3 SD1 SD2 SD3
AII Rural 1 KS1 1.000 0.753 0.716 0.000 0.000 0.000
AII Rural 1 KS2 1.000 0.755 0.717 0.000 0.000 0.000
AII Urban 0 KS1 1.000 0.724 0.685 0.000 0.000 0.000
AII Urban 0 KS2 1.000 0.707 0.673 0.000 0.000 0.000
AII Rural 1 KS1 1.000 0.784 0.753 0.000 0.000 0.000
AII Rural 1 KS2 1.000 0.788 0.749 0.000 0.000 0.000
AII Urban 0 KS1 1.000 0.800 0.762 0.000 0.000 0.000
AII Urban 0 KS2 1.000 0.800 0.750 0.000 0.000 0.000
FHH Rural 1 KS1 1.000 0.874 0.834 0.000 0.000 0.000
FHH Rural 1 KS2 1.000 0.859 0.819 0.000 0.000 0.000
FHH Urban 0 KS1 1.000 0.844 0.816 0.000 0.000 0.000
FHH Urban 0 KS2 1.000 0.833 0.792 0.000 0.000 0.000
FHH Rural 1 KS1 1.000 0.756 0.719 0.000 0.000 0.000
FHH Rural 1 KS2 1.000 0.757 0.720 0.000 0.000 0.000
FHH Urban 0 KS1 1.000 0.764 0.733 0.000 0.000 0.000
FHH Urban 0 KS2 1.000 0.777 0.747 0.000 0.000 0.000
BC Rural 1 KS1 0.999 0.874 0.835 0.000 0.000 0.000
BC Rural 1 KS2 0.999 0.868 0.830 0.000 0.000 0.000
BC Urban 0 KS1 1.000 0.909 0.883 0.000 0.000 0.000
BC Urban 0 KS2 1.000 0.921 0.882 0.000 0.000 0.000
BC Rural 1 KS1 0.932 0.806 0.768 0.000 0.000 0.000
BC Rural 1 KS2 0.932 0.810 0.763 0.000 0.000 0.000
BC Urban 0 KS1 0.998 0.825 0.785 0.000 0.000 0.000
BC Urban 0 KS2 0.998 0.844 0.802 0.000 0.000 0.000
Table 3. Stochastic Dominance Test for Gen vs BC
Round Sector θ Test GEN vs BW BW vs GEN
Statistics SD1 SD2 SD3 SD1 SD2 SD3
61 Rural 1 KS1 1.000 0.731 0.689 0.000 0.000 0.000
61 Rural 1 KS2 1.000 0.734 0.697 0.000 0.000 0.000
61 Rural 0 KS1 1.000 0.807 0.767 0.000 0.000 0.000
61 Rural 0 KS2 1.000 0.801 0.761 0.000 0.000 0.000
66 Rural 1 KS1 1.000 0.757 0.729 0.000 0.000 0.000
66 Rural 1 KS2 1.000 0.759 0.725 0.000 0.000 0.000
66 Rural 0 KS1 0.999 0.794 0.753 0.000 0.000 0.000
66 Rural 0 KS2 0.999 0.794 0.756 0.000 0.000 0.000
61 Urban 1 KS1 0.997 0.835 0.805 0.000 0.000 0.000
61 Urban 1 KS2 0.997 0.821 0.788 0.000 0.000 0.000
61 Urban 0 KS1 1.000 0.722 0.693 0.000 0.000 0.000
61 Urban 0 KS2 1.000 0.713 0.671 0.000 0.000 0.000
66 Urban 1 KS1 0.998 0.747 0.705 0.000 0.000 0.000
66 Urban 1 KS2 0.998 0.747 0.706 0.000 0.000 0.000
66 Urban 0 KS1 0.996 0.820 0.781 0.000 0.000 0.000
66 Urban 0 KS2 0.996 0.784 0.736 0.000 0.000 0.000
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Table 4. Stochastic Dominance Test for FHH and MHH
Round Sector θ Test FHH vs MHH MHH vs FHH
Statistics SD1 SD2 SD3 SD1 SD2 SD3
61 Rural 1 KS1 0.208 0.486 0.636 0.000 0.000 0.000
61 Rural 1 KS2 0.208 0.461 0.601 0.000 0.000 0.000
61 Rural 0.8 KS1 0.000 0.000 0.065 0.115 0.771 0.742
61 Rural 0.8 KS2 0.000 0.000 0.069 0.115 0.752 0.718
61 Rural 0.6 KS1 0.000 0.000 0.000 0.714 0.784 0.753
61 Rural 0.6 KS2 0.000 0.000 0.000 0.714 0.779 0.735
61 Rural 0.4 KS1 0.000 0.000 0.000 0.983 0.793 0.764
61 Rural 0.4 KS2 0.000 0.000 0.000 0.983 0.778 0.746
61 Rural 0 KS1 0.000 0.000 0.000 0.999 0.796 0.773
61 Rural 0 KS2 0.000 0.000 0.000 0.999 0.798 0.737
61 Urban 1 KS1 0.000 0.000 0.000 0.663 0.822 0.798
61 Urban 1 KS2 0.000 0.000 0.000 0.663 0.828 0.785
61 Urban 0.8 KS1 0.000 0.000 0.000 0.943 0.835 0.807
61 Urban 0.8 KS2 0.000 0.000 0.000 0.943 0.845 0.808
61 Urban 0.6 KS1 0.000 0.000 0.000 1.000 0.859 0.819
61 Urban 0.6 KS2 0.000 0.000 0.000 1.000 0.841 0.795
61 Urban 0.4 KS1 0.000 0.000 0.000 1.000 0.848 0.817
61 Urban 0.4 KS2 0.000 0.000 0.000 1.000 0.827 0.792
61 Urban 0 KS1 0.000 0.000 0.000 1.000 0.835 0.801
61 Urban 0 KS2 0.000 0.000 0.000 1.000 0.806 0.747
66 Rural 1 KS1 0.98 0.749 0.718 0.000 0.000 0.000
66 Rural 1 KS2 0.98 0.761 0.74 0.000 0.000 0.000
66 Rural 0.8 KS1 0.000 0.000 0.421 0.210 0.325 0.301
66 Rural 0.8 KS2 0.000 0.000 0.421 0.210 0.342 0.315
66 Rural 0.6 KS1 0.000 0.000 0.000 0.754 0.795 0.745
66 Rural 0.6 KS2 0.000 0.000 0.000 0.754 0.766 0.724
66 Rural 0.4 KS1 0.000 0.000 0.000 0.951 0.767 0.731
66 Rural 0.4 KS2 0.000 0.000 0.000 0.951 0.778 0.73
66 Rural 0 KS1 0.000 0.000 0.000 0.999 0.760 0.719
66 Rural 0 KS2 0.000 0.000 0.000 0.999 0.748 0.716
66 Urban 1 KS1 0.000 0.007 0.488 0.061 0.099 0.097
66 Urban 1 KS2 0.000 0.010 0.475 0.061 0.100 0.097
66 Urban 0.8 KS1 0.000 0.000 0.000 0.683 0.756 0.715
66 Urban 0.8 KS2 0.000 0.000 0.000 0.683 0.770 0.738
66 Urban 0.6 KS1 0.000 0.000 0.000 0.970 0.791 0.745
66 Urban 0.6 KS2 0.000 0.000 0.000 0.970 0.790 0.760
66 Urban 0.4 KS1 0.000 0.000 0.000 0.998 0.803 0.755
66 Urban 0.4 KS2 0.000 0.000 0.000 0.998 0.820 0.782
66 Urban 0 KS1 0.000 0.000 0.000 1.000 0.804 0.766
66 Urban 0 KS2 0.000 0.000 0.000 1.000 0.808 0.752
